Understanding salt tolerance mechanisms is important for the increase of crop yields, and so, several screening approaches were developed to identify plant genes which are involved in salt tolerance of plants. Here, we transformed the Arabidopsis cDNA library into a salt-sensitive calcineurin (CaN)-deficient (cnbΔ) yeast mutant and isolated the colonies which can suppress salt-sensitive phenotype of cnbΔ mutant. Through this functional complementation screen, a total of 34 colonies functionally suppressed the salt-sensitive phenotype of cnbΔ yeast cells, and sequencing analysis revealed that these are 9 genes, including CaS, AtSUMO1 and AtHB-12. Among these genes, the ectopic expression of CaS gene increased salt tolerance in yeast, and CaS transcript was up-regulated under high salinity conditions. CaS-antisense transgenic plants showed reduced root elongation under 100 mM NaCl treatment compared to the wild type plant, which survived under 150 mM NaCl treatment, whereas CaS-antisense transgenic plant leaves turned yellow under 150 mM NaCl treatment. These results indicate that the expression of CaS gene is important for stress tolerance in yeast and plants.
Introduction
Plants frequently encounter various environmental stress conditions such as high salinity and drought. These stresses, especially high salinity, change from altered gene expression and cellular metabolism to plant growth, development, and productivity [15, 19] . Many researchers have been trying to identify plant genes which are involved in stress tolerance mechanisms through forward genetic approaches.
Late embryogenesis-abundant (LEA) genes are induced by salt stress and abscisic acid (ABA), and function in homeostasis as molecular shields under stress conditions [12, 18] .
These LEA genes were initially screened from barley and tomato cDNA libraries through colony hybridization [3, 8] .
Responsive to desiccation (RD) genes of Arabidopsis, including RD29A, identified through the colony hybridization approach, are induced by ABA and desiccation treatments [30] .
Especially, RD29A promoter involves dehydration responsive element (DRE), which is important for the rapid response of RD29A after dehydration or high salinity treatment [30, 31] . Two proteins, DREB1A and DREB2A, were identified as transcription factors to bind the DRE sequence of the RD29A promoter by using the yeast one-hybrid screening technique [11] . DREB1A transcript is induced under low-temperature conditions and the expression of DREB2A is positively regulated by dehydration. Transgenic Arabidopsis over-expressing each genes show tolerance to freezing and dehydration stress conditions [11] .
During the last 10 years, global genome expression profiles in plants have been monitored through microarray technology. In Arabidopsis, expression of more than 7000 genes was monitored using a full-length cDNA microarray and 277, 53, and 194 genes were identified as drought-, cold-, and high salinity-inducible genes, respectively [22] . An oligomer microarray, covering about 37,000 genes of rice, was used to monitor genome expression profiling, and revealed organ specific gene regulation under drought or high salinity conditions [33] . Promoters of down-regulated genes were analyzed and novel promoter motifs associated with gene repressed by drought were suggested in rice shoot and panicle [33] .
The numerous cellular mechanisms of salt tolerance in yeast are conserved in plant cells, and yeast has been used for screening of salt tolerance genes in plants [15, 23] .
Arabidopsis salt tolerance protein (STO) and salt tolerance zinc finger (STZ) were identified as proteins complementing the salt-sensitive phenotype of yeast calcineurin mutants [10] .
Expression of STZ was rapidly increased under abiotic stress conditions such as high salinity and drought. STZ protein has a bind ability to cause A(G/C)T repeats within an EP2 sequence, and functions as a transcription repressor to increase stress tolerance following growth retardation [21].
Even if the mRNA level of the STO gene was not increased, STO protein interacted with Myb transcription factor homologue, and overexpression of STO showed tolerance to salt stress conditions [16] . and was used for screening salt stress-related genes [14] .
Screening of cDNA clones complementing a NaCl stress-sensitive strain of yeast YP9 An Arabidopsis expression library constructed pGAD424 vector (Clontech, CA, USA) was introduced into the mutant yeast by the LiOAc method [25] . Approximately 2. isolated from the yeast cells [25] and were reintroduced into YP9 yeast cells to confirm complementation. cDNAs constructed pGAD424 vector were sequenced with the dideoxy termination method using a dye-terminator cycle sequencing kit [25] . The sequencing reaction was analyzed using an automatic sequencer (ABI, MD, USA).
Spot assay
The full-length of CaS gene was subcloned into pYES2, an expression vector with the URA3 selection marker and the galactose-inducible GAL1 promoter [25] . 
Root growth measurement
To compare root elongation, seeds of wild-type and transgenic plants were washed with 2% NaOCl solution and were plated on 1/2 MS medium. Plates containing seeds were stratified at 4˚C for 4 days and were then transferred to a growth chamber (22˚C under a 16-h-light/8-h-dark regime) in a vertical orientation [29] . Seedlings grown for 7 days were transferred to 1/2 MS medium with or without NaCl.
Seedlings were further incubated in the growth chamber for another 5 days and root elongation was then measured. independent transformants were screened on YPD medium supplemented with 1.1 M NaCl, and more than 100 colonies showing remarkable NaCl tolerance were obtained. To validate this screening result, we rescued the plasmid from 40 salt tolerant transformants, and re-introduced these plasmids to cnbΔ yeast cells. As shown Fig. 1 , under normal medium conditions the growth of each transformant is almost similar to that of cnbΔ yeast cells harboring only the vector. However, a total of 34 colonies functionally suppressed the salt-sensitive phenotype of cnbΔ yeast cells (Fig.   1 ). Through sequencing analysis, these plasmids were determined to represent 9 genes and we named these suppressors as SRGs (Salt-stress Related Genes, Table 1 ).
Expression of CaS genes in yeast gives rise to the increase of salt tolerance
To validate the usefulness of the yeast genetic system for screening plant salt tolerance genes, among SRG genes, we selected and studied the CaS gene, encoding extracellular CaS is specifically induced by NaCl stress in plants.
To identify the physiological role of CaS in plants, RNA expression levels were analyzed under NaCl stress conditions. Total RNA was isolated from Arabidopsis seedlings treated with NaCl, and semi-quantitative RT-PCR was performed with CaS specific primers (Fig. 3) . Transcript of KIN1 gene, which was used as positive control for NaCl CaS antisense transgenic plants showed sensitive phenotype to salt stress.
A CaS antisense transgenic plant was kindly provided by No difference of root elongation was found between CaS antisense transgenic plants and wild-type plants under normal growth conditions. Root elongation of wild-type plants was not effected in MS medium containing 100 mM NaCl under our experiment conditions, however, root elongation of CaS antisense transgenic plants was reduced to 50% under the same conditions (100 mM NaCl treatment) (Fig. 4) . Furthermore, root elongation of wild-type plants was severely impeded in MS medium containing 150 mM NaCl, but wild-type plants were still survived. In the case of CaS antisense transgenic plants, root elongation was severely impeded and leaf color was altered to yellow under the experimental conditions (Fig. 4) . This result suggests that the expression of CaS is important for salt tolerance and [4] . Li-tolerant lipase 1 (AtLTL1) was screened for its functional expression in yeast [17] . AtLTL1 expression showed a weak tolerant phenotype to salt stress in yeast, but overexpression of AtLTL1 conferred salt tolerance in Arabidopsis [17] . We identified 9 kinds of salt tolerance genes, including CaS, using the yeast system (Table 1) . Among these genes, SRG4 encodes small ubiquitin-like modifier 1 (AtSUMO1) which is important in posttranslational modifications of proteins. ABA-and stress-responsive genes, such as RD29 and AtPLC1, were up-regulated in AtSUMO1 overexpression transgenic plant [13] . Recently, it has been determined that SUMOylated proteins are accumulated in response to drought stress, and double mutants of SUMO protease genes, ots1 and ots2, showed salt sensitive phenotype in Arabidopsis [1, 2] . SRG1 encodes a homeobox-leucine zipper domain transcription factor 12, AtHB-12, which regulates sodium exclusion in yeast [25] .
Perception of stress cues and relay of the signals to switch on adaptive responses are the key steps leading to plant stress tolerance. In plant cells, calcium (Ca 2+ ) serves as a second messenger and is a major point of signaling cross-talk during abiotic stress signaling [20] . 
